Introduction
Idiopathic pulmonary fibrosis (IPF) is a complex chronic fibroproliferative disease of unknown aetiology characterised by progressive accumulation of extracellular matrix within the pulmonary interstitium. It is progressive and irreversible with an estimated median survival of approximately 3 years from diagnosis [1, 2] . Our knowledge of the natural history of IPF remains limited. It is recognised that the disease course demonstrates marked and unpredictable inter-patient heterogeneity for reasons that are yet to be determined [1] .
Over the past decade, significant advances have been made both in our understanding of the complex signalling pathways involved in disease pathogenesis and in the feasibility of performing large, well-conducted, multicentre, randomised, placebo-controlled trials (RCT).
Abstract
Idiopathic pulmonary fibrosis (IPF) is a chronic fibrotic lung disease with increasing incidence; the median survival is only 35 months and as yet no therapy has been proven to prolong survival. Recent unexpected randomised controlled trial (RCT) results and the conflicting evaluations of drug efficacy by regulatory agencies when considering the approval of pirfenidone have emphasised that we remain in the first stages of both our understanding of disease-relevant therapeutic targets and in our ability to investigate these putative targets with well-designed RCT. Three phase III trials are, however, anticipated to report results in 2014 and there is cautious optimism that we may be entering an era of mechanism-based anti-fibrotic therapies proven by large RCT to modify disease progression. We must now address how to practically translate these therapies safely and with maximal efficacy from a homogenous RCT population to the 'real-life' heterogeneous population of patients with IPF. The role of a formal multi-disciplinary team meeting in a specialist centre with expertise in IPF is key to this. New methodological and ethical research challenges will arise as we enter an era of potential combination therapy; standardized, robust RCT design will be central to meeting these challenges if we are to enable ongoing progress in our aim of increasing both the length and quality of life of patients with IPF.
As yet, however, no pharmacological therapy has been shown to prolong survival of patients with IPF. The combined efforts of pharmaceutical companies, patient associations, dedicated physicians and governmentfunded networks, such as the US Idiopathic Pulmonary Fibrosis Clinical Research Network (IPFnet), have facilitated a dramatic increase in the methodological quality, number and size of RCT; this has provided essential insights into trial design, including patient selection and outcome measures, the natural history and the clinical course of IPF. Recent unexpected trial results have, however, emphasised the limits of our understanding of disease-relevant therapeutic targets and the importance of conducting robust RCT for every proposed therapy. Although currently there is no pharmacological therapy universally accepted to modify the disease course of IPF there is cautious optimism that robust evidence to support the use of such a therapy may soon become available.
The aim of this paper is to review the current place of disease-modifying pharmacological therapy in the management of IPF; it will consider therapeutic clinical trials recently completed or in progress and their possible implications on recommended drug therapy, practical issues when applying RCT findings to an individual patient with IPF and trial design challenges as we aim to increase the quality and life expectancy of patients with IPF.
Recent Significant Clinical Trials (2010 Onwards)
Negative Trials (Either Harmful or Ineffective Therapies) Multiple pathways have been implicated in the pathogenesis of IPF, however our understanding of which are relevant therapeutic targets in patients presenting with the disease remains minimal. Currently, to be considered a potential disease-modifying therapy in IPF typically requires a demonstration of efficacy in animal models of pulmonary fibrosis, most often the bleomycin mouse model. The limitations in such models replicating IPF and hence response to treatment are unfortunately illustrated by the significant number of compounds discussed here where promising animal model data have translated into an ineffective or even harmful action in patients. Such unexpected trial results have highlighted that, if we are to follow the principal of 'first, do no harm', every pharmacological therapy should be considered unproven and potentially harmful as a treatment for IPF until there is robust systematic appraisal of safety and efficacy data from phase III RCT.
Given the heterogeneity and complexity of IPF, negative RCT are an inevitable process; however, the recognition that a putative therapy is actually ineffective or potentially even harmful informs pharmacological disease management guidelines, improves trial designs and enables reassessment of our understanding of the relevance of targeting complex pathways proposed to be involved in IPF pathogenesis.
Prednisone, Azathioprine and N-Acetylcysteine: A Study That Evaluates Response in IPF (PANTHER-IPF)
The combination of the anti-inflammatory agent prednisolone and the cytotoxic agent azathioprine with or without the anti-oxidant N-acetylcysteine (NAC) was the default standard of care for patients with IPF for most of the past decade [3, 4] . In 2005, the Idiopathic Pulmonary Fibrosis International Group Exploring N-Acetylcysteine I Annual (IFIGENIA) study compared 'standard' therapy of prednisolone and azathioprine with or without NAC (so-called 'triple' therapy) in the treatment of IPF [5] . The addition of NAC was found to significantly reduce the rate of decline in vital capacity (VC) and single-breath diffusing capacity of the lung for carbon monoxide (DL CO ), so meeting the primary end point. However, there were numerous limitations to this study, including the omission of a placebo-only arm and a significant patient dropout rate, with the consequent need for imputation of a large set of missing data. The IPFnetsponsored PANTHER-IPF RCT was designed to address the true effectiveness of NAC alone and in 'triple' therapy in slowing disease progression in IPF [6] . Patients with IPF and mild-moderate lung function impairment (forced VC, FVC ≥ 50% and DL CO ≥ 30%) were assigned to receive triple therapy, NAC alone or matched placebo for 60 weeks. Following a planned efficacy and safety interim analysis (mean follow-up 32 weeks), the triple therapy arm (n = 77) was halted. Although absolute numbers of events were relatively small, compared with the placebo arm (n = 78) statistically significant increased risks of death (11 vs. 1%), all-cause hospitalisation (29 vs. 8%) and treatment-related serious adverse events (31 vs. 9%) were seen. The placebo and triple therapy groups had no significant differences in demographic and clinical characteristics. Moreover, no clinical or physiological effect was seen with triple therapy.
This was the first trial to compare triple therapy with placebo and provides clear evidence that, as a treatment for IPF, triple therapy increases risks of death and hospitalisation. The reasons for this, and which components might be responsible, remain uncertain. The shortened duration of this trial limits comparison of mortality rates with previous trials when assessing if an aberrant outcome has occurred. Results from the NAC monotherapy and placebo arms are anticipated in early 2014 (ClinicalTrials.gov NCT00650091) with the aim of clarifying whether NAC alone provides any direct anti-fibrotic effect.
The Anti-Coagulant Effectiveness in IPF (ACE-IPF) Trial
Based on animal model and human studies [7] [8] [9] [10] [11] proposing the importance of the coagulation cascade in pulmonary fibrosis and a small, unblinded, randomized study in Japan suggesting a mortality benefit in patients treated with anti-coagulation [12] , the safety and efficacy of warfarin in IPF was investigated in this RCT sponsored by the IPFnet [13] . Patients with progressive IPF (defined as a symptomatic, physiologic or radiological deterioration) were randomized to warfarin or placebo for 48 weeks. Patients who required anti-coagulation for non-IPF-related reasons were excluded. Following an unscheduled interim analysis requested by the study Data and Safety Monitoring Board (mean follow-up 28 weeks) the study was halted. A significantly increased mortality rate (28.1 vs. 6.2%) was observed in the subjects randomized to warfarin (n = 72) compared to placebo (n = 73). Respiratory worsening (exacerbation or progression) was the most common feature contributing to the excess mortality in the warfarin group. No significant treatment effects in quality of life measures or physiologic end points were observed. This study suggests that there is no role for warfarintype anti-coagulants as a treatment for progressive IPF. However, any role of anti-coagulant therapy in acute exacerbations of IPF remains uncertain. The use of warfarin in patients with IPF who have acknowledged indications for anti-coagulation was not addressed in this study.
Bosentan Use in Interstitial Lung Disease (BUILD)-3 Trial
Endothelin-1, a potent vasoconstrictor and growth factor, has been proposed as a key mediator in IPF [14] , and the pro-fibrotic effects of endothelin-1 can be attenuated in animal models using bosentan, a non-selective endothelin receptor antagonist [15] . A previous trial of bosentan, the Bosentan Use in Interstitial Lung Disease (BUILD)-1 trial [16] , whilst not meeting its primary end point of change from baseline in 6-min walk distance, suggested on post hoc analysis a trend to delayed IPF progression or death in patients with surgical lung biopsy specimens demonstrating histological features of usual interstitial pneumonia [17] . Following this post hoc analysis, the BUILD-3 trial was designed to further investigate these possible beneficial trends in this IPF subgroup. Patients with IPF of less than 3 years duration with diagnosis confirmed by surgical lung biopsy and less than 5% honeycombing on baseline high-resolution computed tomography received either bosentan (n = 407) or placebo (n = 209). Whilst well tolerated, no significant difference between treatment groups was observed for composite primary end point (death or progression defined by a decline in FVC ≥ 10% and ≥ 15% in DL CO or an acute exacerbation of IPF), health-related quality of life or dyspnoea. Small effects favouring bosentan in changes from baseline to 1 year in FVC (0.04 liters) and DL CO were observed. On the basis of these studies, bosentan cannot be considered a treatment option for IPF.
Randomised, Placebo-Controlled Study to Evaluate the Safety and Effectiveness of Ambrisentan in IPF (ARTEMIS-IPF)
Ambrisentan is a selective endothelin A receptor antagonist that is approved for treatment of patients with pulmonary arterial hypertension [18] . Conceived following the BUILD-1 study and with a pharmacological profile distinct from that of bosentan, patients with IPF aged 40-80 years with minimal or no honeycombing on highresolution computed tomography and baseline right heart catheterization were randomized to ambrisentan or placebo [19] . At 75% (n = 492) of target enrolment, the RCT was terminated after unplanned interim analysis (mean follow-up 34.7 weeks) recommended by the Data Monitoring committee indicating a low likelihood of showing efficacy by the scheduled study end. Compared to the placebo group, ambrisentan-treated patients were significantly more likely to have disease progression (27.4 vs. 17.2%) and respiratory hospitalisations (13.4 vs. 5.5%), and whilst not statistically significant there were more deaths (7.9 vs. 3.7%) in the active limb. Stratification on the basis of baseline pulmonary hypertension identified similar results. The findings of this study indicate that ambrisentan should not be used as a treatment for IPF regardless of the presence of pulmonary hypertension.
Macitentan Use in an IPF Clinical (MUSIC) Trial
Macitentan, a novel dual endothelin receptor antagonist, has been proposed to prevent the development of lung fibrosis in a bleomycin-induced rat model of fibrosis [20] . In this RCT, subjects were randomized to maciten-tan (n = 119) or placebo (n = 59) [21] . Although macitentan was well tolerated, no differences were observed in the primary end point of FVC change at 12 months or secondary end points including time to disease worsening or death, thus proving that macitentan is ineffective in the treatment of IPF.
The Everolimus in IPF Study
Everolimus, a derivative of rapamycin, is a macrocyclic proliferation signal inhibitor with immunosuppressive and anti-fibroproliferative effects [22] [23] [24] [25] . It is a potent inhibitor of in vitro fibroblast proliferation after lung transplantation [26] and markedly reduces bleomycininduced pulmonary fibrosis in the rat model [27] . The safety and efficacy of everolimus in the treatment of IPF was assessed in this RCT in patients with a diagnosis of IPF confirmed by surgical lung biopsy [28] . The everolimus group (n = 44) was associated with more rapid disease progression (defined as deterioration in pulmonary function, mean time 180 days) when compared to placebo (n = 45, mean time to disease progression 450 days). Small initial trial population size combined with significant withdrawal from the study (68% of subjects randomized to everolimus and 27% of subjects randomized to placebo withdrew from the study during the first 12 months) limits data interpretation, however, this study suggests that everolimus monotherapy is not effective in the treatment of IPF and may be harmful.
Neutral (Studies with Clinical Equipoise) Treating Interstitial Pneumonia with the Addition of Co-Trimoxazole
Co-trimoxazole (trimethoprim/sulphamethoxazole) is a sulphonamide antibiotic with immunomodulatory actions [29] [30] [31] . On the basis of an observation of clinical improvement in a patient with advanced fibrotic lung disease treated with oral co-trimoxazole and a subsequent small pilot study suggesting improvement in objective measures of function including FVC [32] , this RCT was conducted on patients with fibrotic idiopathic interstitial pneumonia (89% diagnosed as definite/probable IPF) and a Medical Research Council dyspnoea score ≥ 2 [33] . Subjects were randomized to receive co-trimoxazole 960 mg b.d. (n = 92) or placebo (n = 86) for 12 months. No difference in the primary end point of change in FVC was seen, nor functional measures such as DL CO , 6-min walk time or Medical Research Council dyspnoea score. Nearly one third of patients receiving co-trimoxazole withdrew due to side effects (primarily nausea and rash). No difference in mortality was identified in the intention to treat analysis; however, in a post hoc per protocol analysis of patients adhering to treatment (61%), a significant reduction in allcause mortality was seen (6 vs. 22%), with an associated reduction in frequency of respiratory tract infections and improved quality of life measures. Conflicting with the pilot study [32] , no difference in functional measures of disease control was observed. Increased mortality was identified in patients treated with immunosuppression, consistent with the increased mortality demonstrated in the triple therapy arm of the PANTHER-IPF trial [6] .
Whether this post hoc finding was a consequence of protection against a previously underappreciated role of bacterial infection in IPF exacerbations and/or progression, prevention of immunosuppression-associated infections or an immunomodulatory effect of co-trimoxazole is unknown. Interpretation of these findings is limited by the heterogeneity of the patients included in this study, the significant side effect-related patient withdrawal and the possible confounding factor of immunosuppression. This study is, however, more likely to represent a 'real-life' population of patients than many other current studies designed to ensure homogeneous patient groupings. Further investigation is warranted into the role of a better-tolerated prophylactic antibiotic regime for patients with advanced fibrotic lung disease.
Sildenafil Trial of Exercise Performance in IPF (STEP-IPF)
Sildenafil is a phophodiesterase-5 inhibitor, which stabilizes cyclic guanosine monophosphate, the second messenger of nitric oxide, leading to pulmonary vasodilation. It preferentially induces vasodilatation in well-ventilated lung tissue [34] , so potentially improving ventilation-perfusion matching and gas exchange in patients with IPF. Small case series of patients with IPF and pulmonary hypertension [35, 36] treated with sildenafil suggested improved exercise tolerance and improved quality of life. An RCT of patients with IPF considered to be advanced (DL CO <35% of the predicted value) was conducted where they received either sildenafil (n = 89) or placebo (n = 91) [37] . The primary end point (improvement of at least 20% in 6-min walk distance at 12 weeks) demonstrated no statistical difference between the sildenafil and the placebo arms. Small but significant differences in secondary outcome including arterial oxygenation, DL CO , degree of dyspnoea and quality of life were, however, seen in those receiving sildenafil. No baseline right-heart catheterization was available for this study and so the prevalence and degree of pulmonary arterial hypertension was unknown or whether this may have confounded trial results. A recent post hoc subgroup analysis [38] of 119 (of 180 subjects) baseline echocardiograms does, however, suggest that patients with right ventricular systolic dysfunction on echocardiogram (n = 22) treated with sildenafil had an improvement in quality of life and showed a lesser decrement in the 6-min walk distance (99.3 m) compared with placebo. Further investigation should be considered into whether sildenafil is an effective treatment in patients with advanced IPF and pulmonary hypertension.
Promising Trials (Studies with Possible Evidence of Disease-Modifying or Symptomatic Benefit) To Improve Pulmonary Fibrosis with BIBF 1120 (TOMORROW) Study
Nintedanib is a tyrosine kinase inhibitor that suppresses signalling receptors, including fibroblast growth factor receptors, platelet-derived growth factor receptors and vascular endothelial growth factor receptors [39] . Activation of these receptors has been implicated in the pathogenesis of fibrosis [40, 41] , and so inhibition of the receptors has been proposed to slow the progression of IPF [42, 43] . In this 52-week phase II RCT of 432 patients [44] , the efficacy and safety of 4 doses of nintedanib were compared with placebo in patients with IPF with an FVC ≥ 50%, a DL CO of 30-79% of predicted and a partial pressure of arterial oxygen when breathing ambient air of ≥ 55 mm Hg at altitudes up to 1,500 m. Whilst pre-specified statistical analysis of the primary end point of the annual rate of FVC decline did not differ significantly between the group of patients receiving the highest nintedanib dose (150 mg twice daily) and placebo after statistical correction for multiple comparisons, the difference did approach the threshold for significance (p = 0.06), with a 68% reduction in the annual rate of decline in FVC compared with placebo (0.06 vs. 0.19 liters). Furthermore, nintedanib was associated with improved health-related quality of life (measured by the St. George's Respiratory Questionnaire) and reduced frequency of acute exacerbations. Compared to placebo, gastrointestinal side effects (diarrhoea, nausea and vomiting) and subclinical increases in liver aminotransferases were more common in patients treated with nintedanib. To further investigate these findings, two concomitant identical 52-week phase III placebo-controlled trials (IN-PULSIS 1 and 2, ClinicalTrials.gov NCT01335464 and NCT01335477) evaluating the efficacy and safety of nintedanib 150 mg b.d. in patients with IPF with a primary end point of annual rate of decline in FVC have completed recruitment (total enrolment 1,066) and are anticipated to report in early 2014.
Clinical Studies Assessing Pirfenidone in IPF: Research of Efficacy and Safety Outcomes (CAPACITY)
Pirfenidone is an orally administered pyridine that has combined anti-inflammatory, anti-oxidant and anti-fibrotic actions in experimental models of pulmonary fibrosis, although the precise mechanism of action is unknown [45] [46] [47] [48] [49] [50] . Regulation of transforming growth factor β in vitro, and inhibition of fibroblast and collagen synthesis in animal models of lung fibrosis has been demonstrated [46, 49, 51, 52] . Following a phase II RCT [53] which identified a reduction in the rate of decline in VC and frequency of acute exacerbations in patients treated with pirfenidone, three phase III RCT were conducted. In a Japanese phase III RCT [54] , pirfenidone was administered in a 2: 1:2 ratio (1,800 or 1,200 mg/day, or placebo) to 275 patients. The primary end point was changed prior to unblinding to change in VC over 52 weeks. A significant difference in VC decline between the placebo (-0.16 liters) and the high dose pirfenidone group (-0.09 liters), and improved progression-free survival time was observed.
The CAPACITY studies were two almost identical multinational RCT (trials 004 and 006) conducted to confirm the efficacy of pirfenidone in reducing decline in lung function of patients with IPF with mild-moderate impairment in lung function (FVC of 35-90%, DL CO of 50-90% and a 6-min walk test distance of at least 150 m) [55] . Subjects were randomised to receive pirfenidone or placebo for 72 weeks. The primary end point was change in percentage of predicted FVC from baseline to week 72. In study 004, patients were assigned in a 2: 1:2 ratio to pirfenidone 2,403 mg/day (n = 174), pirfenidone 1,197 mg/day (n = 87) or placebo (n = 174); in study 006, patients were assigned in a 1: 1 ratio to pirfenidone 2,403 mg/day (n = 171) or placebo (n = 173). In study 004, 2,403 mg/day pirfenidone reduced decline in FVC, with an absolute difference in FVC of 4.4% in the high-dose group compared to placebo at 72 weeks; the 1,197 mg/ day group was intermediate to that in the 2,403 mg/day pirfenidone and placebo groups. In study 006, however, no significant difference in FVC at 72 weeks between placebo and pirfenidone arms was identified (p = 0.501). Treatment was discontinued because of adverse events in 15% of patients treated with pirfenidone compared to 9% treated with placebo. Most commonly reported side effects were gastrointestinal (nausea, dyspepsia, vomiting and anorexia), skin disorders (rash and photosensitivity) and dizziness.
In a pre-specified pooled analysis, pirfenidone (compared to placebo) reduced decline in FVC (absolute difference in FVC 2.5% at 72 weeks; p < 0.005), prolonged progression-free survival by 26% and reduced mean decline in 6-min walk distance at 72 weeks. A Cochrane meta-analysis of the data from the three phase III trials identifies that treatment with pirfenidone reduces the risk of disease progression by 30% (hazard ratio, 0.70, 95% confidence interval 0.56-0.88) [56] .
Thalidomide: Treatment of Chronic Cough in IPF
A prominent feature of IPF, affecting up to 80% of patients, for which no effective therapies have previously been identified, is a persistent, non-productive, often disabling cough [57] [58] [59] . During open-label clinical trial evaluation of thalidomide as an IPF treatment, a marked reduction in cough was observed [60] . Thalidomide is a potent immunomodulatory, anti-inflammatory and antiangiogenic drug [61] [62] [63] . This single-centre, 24-week, double-blind, 2-treatment, 2-period crossover trial was designed to further investigate this finding in patients with clinical history consistent with IPF and chronic cough lasting >8 weeks [64] . Thalidomide (n = 12) significantly improved cough in patients with IPF and overall respiratory quality of life compared to placebo (n = 12). Adverse events (typically constipation, dizziness or malaise) were, however, reported in 74% of patients receiving thalidomide compared with 22% receiving placebo. These findings suggest that thalidomide may be an effective therapy for symptomatic treatment of chronic cough in patients with IPF; however, this was a small single-centre trial and thalidomide has been associated with the development of acute interstitial lung processes [65] [66] [67] [68] and thromboembolic events [69] . Further multi-centre studies are therefore essential to confirm both safety and efficacy of thalidomide in the treatment of chronic cough in IPF.
Current Disease-Modifying Pharmacological Therapy
Individual patient management in IPF is primarily based on the recommendations of scientific societies, such as the 2011 joint statement of the American Thoracic Society, European Respiratory Society, Japanese Respiratory Society and Latin American Thoracic Association [1] , which proposed guidelines on the pharmacologic and non-pharmacologic approaches to patient management based on the GRADE system. This is an evidence-based methodology which rates the quality of available evidence and strength of recommendation following literature searches and assessment of the available information [70] . NAC monotherapy, anti-coagulation, combined NAC and azathioprine and prednisolone, and pirfenidone, all received weak recommendations against their use; the accompanying interpretation suggested these therapies should not be used in the majority of patients with IPF, but may be a reasonable choice in a minority of patients. Pharmacologic therapy for IPF was considered to be without any definite, evidence-based benefit, and lung transplantation was the only intervention strongly recommended given its proven survival benefit in IPF [71] . In appropriate patients, enrolment in a clinical trial and/or lung transplantation was therefore recommended; however, these options are feasible for less than half of the patients for RCT and <1% for transplant [72] . The guideline committee proposed to update treatment recommendations when new and pertinent high-quality evidence regarding the use of treatments becomes available for scientific review. This process is now ongoing as recent trials provide important new evidence, which is likely to significantly impact on future recommendations (summarised in table 1 ): this illustrates the difficulty of providing widely applied robust comprehensive long-term guidelines in a new era of phase III trials that have the potential to substantially change clinical practice.
At present, there is no scientific evidence to suggest that current therapeutic strategies can reverse fibrosis in IPF; the realistic goal of therapies under investigation is to stabilize or reduce the rate of disease progression. It is therefore a substantial achievement that pirfenidone is now approved for use in Japan, Europe, India and Canada following regulatory appraisal of the data investigating efficacy and tolerability. This treatment was not approved by the US FDA due to concerns including a perceived lack of efficacy as measured by change in FVC and lack of survival benefit in analysis of the data considered by them. As a consequence, a further phase III trial with the aim of providing supporting data further, ASCEND (ClinicalTrials.gov NCT 01366209), was commenced with results anticipated in early 2014. In the same period, the phase III NAC (PANTHER) and nintedanib (IN-PULSIS 1 and 2) trials are also expected to report. A significant update to the current evidence base is therefore awaited soon.
Until these results are published in peer-reviewed journals and systematically appraised, in regions where it is approved, the commencement of pirfenidone should be discussed with patients with mild-moderate IPF. They should be fully informed of the rationale including the potential slowing in decline in lung function but that no survival or quality of life benefit has been demonstrated; a treatment decision can then reached with the patient based on their specific values and preferences.
Oral NAC remains widely prescribed, given perceived safety and tolerability, however, the results of the PAN-THER trial are awaited for any clear evidence of a diseasemodifying effect, and at present there are no data to reassess the current weak recommendation against its use. If either NAC or pirfenidone is commenced, then the question of whether to use them in combination arises. A phase II safety and tolerability study of this combination, the PANORAMA trial, has recently commenced (EudraCT No. 2012-000564-14), however, this will not be sufficiently powered to address the issue of combination efficacy. Still, it will provide relevant information on the tolerability of the combined treatment and potential pharmacological interactions. In this series, Poletti et al. [73] have highlighted the significant inter-patient heterogeneity associated with disease pattern and rate of progression in IPF. A similarly variable and as yet unpredictable response to pharmacological therapies would be anticipated. Many recent RCT as discussed above have attempted to select a homogeneous population of patients considered to have mildmoderate IPF (typically defined as an FVC between 50 and 90% of predicted and DL CO between 30 and 90% of predicted). When an RCT does demonstrate diseasemodifying effects, the question then arises of how this can be applied to an individual patient with IPF. Although patients enrolled in trials are homogeneous in terms of their lung function, they may not be similar in terms of the rate of progression of their disease. If a patient on treatment were not to progress, given the current inability to predict disease course, it would be uncertain if this was simply a benign disease course or a treatment-related effect; in clinical practice, a potentially life-long therapy would be extremely difficult to discontinue.
National prescription guidelines are being informed by clinical trial criteria. In the United Kingdom, pirfenidone has been recommend by the National Institute for Health and Care Excellence [74] for patients with an FVC between 50 and 80% of predicted. Is it ethically justifiable to exclude patients not meeting these criteria, in particular as these arbitrary values can be dramatically impacted by frequently concomitant conditions such as pulmonary emphysema?
As in any other disease, patients excluded from trials typically include those not meeting the trial diagnostic criteria of IPF, patients with mild/early disease and lung function parameters above trial cut-offs, patients with concurrent emphysema/chronic obstructive pulmonary disease and patients with advanced disease. Any attempts to translate efficacy from an RCT to patients not meeting entry criteria is often based on extrapolation and clinical judgement. If such patient groups are to be considered for treatment then any disease-modifying effect must be extrapolated from trial data. It is conceivable that an antifibrotic therapy that slows disease progression would have the greatest efficacy when used in patients at an early stage of the disease. As very mild patients are excluded from trials, there is, however, no supporting evidence of this.
It is uncertain if patients with advanced disease will respond to anti-fibrotic therapies or what unintended impact therapies with non-insignificant side effect profiles might cause. Some applicable data may arise from nonblinded, non-randomised extensions of RCT for therapies believed to demonstrate efficacy, such as the RECAP extension study of pirfenidone. It is essential that universal registries are collated for every patient commencing a disease-modifying therapy, thus increasing understanding of the role of such therapies outside of their trial criteria over time.
Pirfenidone typically causes gastrointestinal (dyspepsia, diarrhoea and anorexia) and dermatological (photosensitivity) side effects [55] . In the absence of a proven survival or quality of life benefit, the question arises of what is an acceptable side effect profile for a potentially life-long therapy. In already functionally limited patients, such side effects may have a significant impact on quality of life; this reinforces the importance of developing validated tools to assess quality of life in such patients.
We have yet to define what constitutes a failure to respond to a treatment in IPF and hence consider ceasing therapy. It would be clinically appropriate to discontinue a treatment when it is considered not to be working. In the United Kingdom, the National Institute for Health and Care Excellence have recommended that pirfenidone is discontinued if over a 12-month period there is evidence of disease progression on treatment (defined as a decrease in predicted FVC ≥ 10%); no guidance is provided for whether this is an absolute or relative change [75] . It is uncertain if this represents a clinically meaningful treatment failure; as this may or may not coincide with a functional or symptomatic decline, we are unable to predict the disease course of an individual, we do not know what the rate of decline may have been without treatment and are unable to answer whether the withdrawal of treatment may provoke a precipitous decline. Given the many existing uncertainties, it might be reasonable using a comprehensive approach in clinical practice, such as one based on the lung functional data, supported by other activity measures, quality of life and highresolution computed tomography changes.
In this era of rapid change, there are therefore significant challenges to clinicians wishing to provide up-todate best practice care for individual patients. A number of approaches may aid in this. Firstly, patients with known or suspected interstitial lung disease (ILD) in the context of primary care should be referred promptly to a specialist ILD centre, as delayed access to tertiary care is associated with a higher risk of death in IPF independent of disease severity or co-morbidities [76] . This provides patients access to concentrated expertise in diagnosis and comprehensive management, including disease-modifying therapy initiation, monitoring, side effect control and non-pharmacological support. Secondly, a formal full multi-disciplinary team meeting encompassing physicians, radiologists, pathologists and nurse specialists with expertise in ILD must determine consensus diagnosis and proposed treatment strategies for every patient; as we enter an era of potential combination therapies, this will become increasingly important. Although there has been no validation of the accuracy or reproducibility of consensus based on a multi-disciplinary team diagnosis until better biomarkers of disease are developed its role is essential. Thirdly, given the significant heterogeneity in patients with IPF and varying individual patient values and preferences, an individualised treatment approach is paramount. Any patient not meeting the criteria for prescribing guidelines or not representative of the patients enrolled in clinical trials must be fully counselled regarding the rationale for considering a disease-modifying therapy and the inherent uncertainties outside of trial criteria; clinician patient engagement is vital to reach an individual treatment decision. If a patient is fully informed and wishes to commence treatment then a clear agreement must be reached of how and at what time frame the benefits of continuing treatment will be assessed. Finally, recognising the current relatively modest benefits of any disease-modifying therapy, a significant focus must be on providing an integrated approach encompassing the physician, ILD nurse specialist and patient support groups to address psychosocial needs and to provide best supportive care, including pulmonary rehabilitation (reviewed in detail in this series by Kenn et al. [77] ), oxygen therapy, pharmacological symptom relief and end-of-life care.
RCT Design
We are in the first stages of the development of clinical trial methodology in IPF. Recent trials have highlighted the importance of consistent trial design and the number of methodological challenges yet to be fully addressed. A comprehensive review of this area was recently published [78] . A number of important issues will, however, need to be considered. Among others, rigorous studies to validate non-invasive biomarkers to guide treatment commencement and for monitoring response represent a priority. Differences in the evaluation of efficacy of drugs across different regulatory agencies in the world will need to be analysed and understood in order to avoid the potential for ethical disparities in the treatment of IPF patients at a global level. The input from dedicated statistical teams will be critically important for the interpretation of trial results, given the unavoidable rate of drop-offs (in particular when dealing with patients with advanced disease). The imputation of missing data is a crucial step for interpreting results of trials and it is of concern that so far many and different statistical methodologies have been used in various trials.
In the rapidly changing IPF landscape, it is predictable that more and more drugs will be approved for use: will then placebo-controlled trials still be feasible? Looking at other respiratory diseases (e.g. chronic obstructive pulmonary disease), this should be still ethically acceptable, but this issue will need a specific discussion and hopefully an international consensus. Finally, considering the need for a holistic approach to a disease like IPF, nonpharmacological therapies (e.g. psychological interventions, supportive and palliative measures or pulmonary rehabilitation) will need to be properly assessed in the context of specifically designed RCT.
Conclusions
We are evolving from a period of ineffective and potentially harmful empiric treatments to one of mechanism-based anti-fibrotic therapies proven by large RCT to modify disease progression. How we address the methodological and ethical challenges of conducting research in an era of combination therapies and apply these therapies to the practical long-term management of individual patients with IPF will determine our success in increasing both their length and quality of life.
